Abstract. -The crystal structure and magnetic properties of Fe/AI multilayered films prepared using the ion beam sputtering method have been investigated. The crystallite orientation and magnetism of Fe layers were found to depend significantly on A1 layer thickness. This resutt may be caused by the crystallographic interaction between Fe and A1 layers.
Introduction
Recently, there has been major interest in magnetic multilayered films because of their magnetic properties unknown among natural substances and/or the hope for new application [I-31. However, they are affected by the texture of the interface between adjacent layers which depends on film preparation conditions. In this regard, ion beam sputtering method is very adaptable because of the excellent controllability for deposition parameters.
In this study, Fe and A1 have been used as the constituent elements of the multilayered films. The relationship between the crystal structure and the magnetic properties of the multilayered films will be described in this paper.
Experiment
Argon as pure as 99.999 % at the pressure of 1.5 x Torr was introduced through an ion source as the working gas. Planar targets of Fe and A1 with a purity of 99.99 % were sputtered alternately by a uniform beam of argon ions accelerated with a constant voltage of 500 V. The deposition rate of Fe and A1 were approximately 13 and 22 A/min, respectively. Fe/A1 multilayered films with layer thicknesses SF, and 6~1 were deposited on watercooled glass slides up to a total thickness of 1 400 or so.
The crystal structure was analysed using X-ray diffractometry. Magnetic properties such as the saturation magnetization 4nMs and the coercivity H, were measured using vibrating sample magnetometer.
Results and discussion
In confirmation of periodicity in the Fe/A1 multilayered films, figure 1 shows small-angle X-ray diffraction diagrams of films. When the layer thickness exceeds 10 A, the diffraction peaks due to the formation of a periodic structure are observed. The period length D calculated from the 2 0 angle of these peaks is slightly smaller than the one obtained by adjusting the d e p~ sition parameters. This difference between these two Figure 3 shows the SAI dependences of the magnetic properties for these films. The factor 47rMs estimated on the total thickness of all the Fe layers takes the value of 20 kG or so when 6~1 is smaller than 50 A, while the one estimated using the total thickness of the film decreases from 20 kG to 16 kG with an increase in 6.41. On the other hand, Hc changes significantly with Sal and takes a minimum value below 4 Oe in the rangeof SAI where the above-mentioned change of plane orientation occur. The magnetic properties of the Fe/AI multilayered films seem to depend sensitively on the crystal structure of the Fe and A1 layers and their respective thickness SF, and SAl.
The Fe/AI multilayered films with various layer thickness (6% and SAI) have been prepared using the ion beam sputtering apparatus, and the dependence of their crystal structure and magnetic properties on SF, and SAI has been investigated.
It was found that a sufficient interface smoothness is achieved for films with SF, and 6~1 as small as 10 A.
The magnetic properties and plane orientation of aFe crystallites in multilayered films with SF, of 100 change significantly with SA1 around 15 A. The films with SAI in this range have a minimum coercivity H, below 4 Oe and a large saturation magnetization 4rMS above 17 kG. These results might be attributed to the alternate epitaxial growth between Fe and A1 layers.
